INTRODUCTION
Sepsis is one of the leading and most lethal medical emergencies, with a mortality rate reaching 25%. 1 In the USA, sepsis is responsible for 9% of all cancer-related deaths. 2 When compared with the non-oncological population, patients with cancer presenting with sepsis or septic shock are more likely to be hospitalised and have worse outcomes. 3 4 The higher sepsis risk in patients with cancer, terminal or otherwise, is probably due to their state of immunosuppression, often due to the disease burden itself and to the effects of chemotherapy. 4 There are no studies that looked at the emergency department's (ED) management of oncological patients, their in-hospital mortality from sepsis or septic shock, or the value of the systemic inflammatory response syndrome (SIRS) criteria in this subset of population. Therefore, the rationale behind this study is to evaluate sepsis outcomes in the oncological population compared with the Strengths and limitations of this study ▪ First study looking at the toll of sepsis in the high-risk oncological population. ▪ 176 patients with cancer with sepsis were compared with 176 patients with non-oncological sepsis. Both cohorts were similar in terms of demographics. ▪ Multivariate analysis conducted to minimise confounding bias. ▪ A retrospective chart review cohort study, and is subjected to bias. ▪ Single-centre study with a referral tertiary emergency department that deals with regional complicated cases, therefore the applicability of the results would be affected.
cancer-free population presenting to the ED with sepsis or septic shock; and to report on their hospital, 72-hour, and 28-day mortality as primary outcomes, as well as to report the differences in ED management, microbiology and parameters of resuscitation.
METHODS

Study design and patient selection
This was an Institutional Review Board approved (IRB# GA.ER.05), single-centre, retrospective, chart review, cohort study. All patients presenting to the ED of a tertiary care hospital between July 2010 and April 2015 were retrieved from the hospital's electronic health records. Inclusion criteria were a final diagnosis of sepsis, septic shock or bacteraemia. Sepsis and septic shock were defined according to the Surviving Sepsis Campaign guidelines. 5 Sepsis was defined as having a documented/presumed infection with two or more of the following: temperature >38 or <36°C, heart rate (HR) of >90 bpm, respiratory rate of >20 breaths/min or arterial carbon dioxide tension <32 mm Hg, white cell count >12×10 9 cells/L or >10% bands. Septic shock was defined as having sepsis with any of the following: systolic blood pressure (SBP) <90 mm Hg or mean arterial pressure <65 mm Hg or lactate >2 mmol/L after an initial fluid challenge. Bacteraemia was defined as two positive blood culture bottles with skin flora pathogens or one positive blood culture bottle with non-skin flora pathogens. The exclusion criteria were incomplete charts, patients younger than 18 years of age, pregnant or presenting secondary to trauma.
During the selected study period 1017 patients were identified as per our study criteria. Of those, 176 (17.3%) had an active solid or haematological malignancy, defined as currently receiving chemotherapy and/or radiation therapy, and were considered as the positive risk factor group in the cohort study. Of the 841 patients who were cancer free, 176 were selected using computer software for random number generation with the intent of producing demographic comparability between the two groups.
The medical records of the chosen oncological and non-oncological septic or septic shock patients were used to retrieve the patients' age, gender, history of comorbidities, type of cancer and history of bone marrow transplantation (BMT). Patients' vital signs and laboratory results were collected at initial presentation to the ED. Causative microorganisms and presence of bacteraemia were retrieved, as well as time to antibiotics, and amount of fluid resuscitation within the first 6 and 24 hours. Duration and type of vasopressors and steroids administration, as well as antibiotic type were collected to determine the appropriateness of antibiotic choice. Appropriate use of antibiotics was defined as a broadspectrum antibiotics regimen covering Gram-positive and Gram-negative bacteria including pseudomonas and anaerobic bacteria. Furthermore, disposition from the ED, length of stay in the ED, intensive care unit (ICU) or general practice unit (GPU), in addition to hospital, 72-hour and 28-day mortality were noted.
Statistical analysis
A two-tailed sample t-test was used to compare the differences in age, lengths of stay, time to and duration of vasoactive agent therapy, antibiotic and steroid therapy, fluid administration at 6 and 24 hours, vital signs at presentation, as well as electrolytes and blood work between oncological and non-oncological patients. Pearson's χ 2 test was used to compare the difference in distribution of bacteraemia, comorbidities, microbiology, use and appropriateness of antibiotics, disposition from the ED, use of vasopressor therapy, use of steroids, lactate level, and hospital, 72-hour and 28-day mortality between the same groups stated above. Statistical analyses were performed using SPSS Statistics for Windows V.21.0. (Armonk, New York, USA: IBM Corp).
In the bivariate analysis, Student's t-test and Pearson's χ 2 test were used to assess the significance of the statistical association between the independent variables (continuous and categorical) and hospital mortality; the dependent variable. Both tests were interpreted at a predetermined significance level (α=0.05). Furthermore, the magnitude of association between the predictor variables and hospital mortality was determined through calculating the ORs and their corresponding 95% CIs. A multivariate analysis was performed using logistic regression to find the best model that fits the data and that explains the association between the two groups in terms of the outcome variable and all predictor factors. A backward selection procedure, with significance level for removal from the model set at 0.1, was conducted by fitting hospital mortality with all risk factors found to be significant in the bivariate level, in addition to those considered clinically meaningful (age, gender, medical history (diabetes mellitus (DM), coronary artery disease (CAD), hypertension (HTN), cerebrovascular accident (CVA), chronic kidney disease (CKD) on haemodialysis (HD), and systolic heart failure (HF), time to antibiotics, SBP, HR, blood urea nitrogen (BUN), and oncology status)).
RESULTS
Total cohort and oncological cohort characteristics
The mean age at presentation for the cancer group was 65.39±15.05 years, with the mean age for the control group being 74.68±14.04 years ( p<0.001). There was a higher number of male patients in the oncological arm (63.6%) than in the non-oncological arm (51.7%). The diagnosis of septic shock in both groups was statistically similar. Furthermore, there was a higher percentage of patients with HTN (71% vs 53.4%), diabetes (44.3% vs 30.1%), CAD (44.3% vs 23.3%) and non-systolic HF (29% vs 19.3%) in the non-oncological arm compared with the oncological arm. In terms of infection characteristics, both groups were similar regarding the percentage of bacteraemic patients (37.5% vs 35.7%, p=0.704). In the cancer cohort, the respiratory system was the most common site of infection (37.5%), followed by the urinary system (26.7%) and the gastrointestinal system (13.1%). In the cancer-free arm, the urinary system was the most common site of infection (40.9%), followed by the respiratory system (38.1%) and the integumentary system (7.4%). The site of infection was not identified in 13.6% of patients with cancer compared with only 1.7% of patients who were cancer free. With regard to microbiology isolates, both groups were comparable with Escherichia coli being the most prevalent in both groups. The information presented is summarised in table 1.
The oncological cohort, as shown in table 2, was comprised of 19.9% haematological tumours and 80.1% solid tumours. Lung cancer (18%) was the most prevalent type of cancer, followed by acute and chronic leukaemia (11.9%), and breast cancer (11.4%). In terms of therapy, 22.8% of the haematological patients underwent BMT previously, and out of the total cancer cohort, 83.5% recently underwent chemotherapy and 35.2% received radiation therapy. When hospital, 72-hour and 28-day mortality analysis was conducted for the patients who underwent BMT compared with those who did not, no differences were noted between the two subgroups. Similar analysis was performed between haematological tumours and solid tumours, and likewise, no significant mortality difference was noted. cancer free. Of the cancer cohort, 44.3% of patients required vasopressor therapy in the first 24 hours, compared with 34.7% of patients from the control group. Antibiotics were administered after an average of 4.73 hours in the patients with cancer and 2.77 hours in the control patients, with the majority of patients in both groups receiving their antibiotics in the ED (93.2% and 92%, respectively). Of note, both groups had similar ED, ICU and GPU length of stays. Table 4 summarises the differences in the ED management between the two arms of the study.
Patient mortality and hospital mortality logistic regression
During their hospital stay, a total of 96 (54%) patients with cancer died compared with 75 (42.6%) patients in the cancer-free group ( p=0.033). The 72-hour mortality was higher in the cancer group, as 26 (14.7%) of the patients with cancer died compared with only 11 (6.3%) of the control patients ( p=0.009). Furthermore, patients with cancer had a significantly higher 28-day mortality compared with control patients (49.4% vs 26.1% respectively, p<0.001). Table 5 shows the logistic regression done, with hospital mortality as the dependent variable, to determine the major predictors of this primary outcome. Age, sex, comorbidities (DM, CAD, HTN, CVA, CKD on HD, and HF), previous use of steroids, time to antibiotic initiation, SBP and HR on presentation along with BUN were chosen as factors to be controlled for, due to their clinical meaningfulness and statistical difference between oncological and non-oncological patients. The multivariate analysis showed statistical significance only for being an oncological patient as a predictor of hospital mortality. While adjusting for all other variables, oncological patients had 2.32 higher odds of hospital mortality than their cancer-free counterparts in the setting of either sepsis or septic shock.
DISCUSSION
In 2001, the Early Goal Directed Therapy (EGDT) protocol, by Rivers et al 6 was the first major study that tackled sepsis-related mortality and led to a shift towards a protocol-based, more aggressive sepsis care in the ED. Recent published data have advocated for earlier recognition of sepsis, with an early emphasis on fluid resuscitation and antibiotic administration. [7] [8] [9] The majority of sepsis studies, however, have looked at the general population and neglected to look at high-risk patient populations such as the oncological patients. [10] [11] [12] [13] The aim of this study was to look at patients with cancer who presented to the ED with sepsis or septic shock and to compare them to patients who were cancer free with a 3 constructed a database of patients with cancer admitted to the hospital and compared patients with cancer with severe sepsis to patients with non-severe sepsis. They found that patients with cancer with severe sepsis were older, had more comorbid conditions and a higher mortality than patients with cancer without severe sepsis; however, they did not compare patients with cancer to patients who are cancer free. According to our results, patients with septic cancer are younger and have less comorbid conditions than the general population and are more haemodynamically unstable at presentation.
Angus et al 14 reported a 30% increase in mortality in patients with cancer with severe sepsis. Furthermore, Williams et al 3 reported that the overall hospital mortality for patients with severe sepsis with cancer was 52% higher than that of patients with non-cancer severe sepsis (37.8% vs 24.9%, respectively) and was five times greater than the non-severe sepsis cancer hospital mortality. In our study, the in-hospital mortality was higher in the oncological group (54%) compared with the control group (42.6%; p<0.001). Similar to the Angus study, we found that patients with cancer had a 29% increase in in-hospital mortality, and that an underlying malignancy in a patient with sepsis increased the odds of dying by 2.32 times. This increased risk of death could be explained by the burden the tumour imposes on the host, through the production of cytokines or secondary to localised obstruction, as well as chemotherapy and the ensuing immunosuppressed state that significantly decreases the host's immune system and predisposes the host to opportunistic infections. 3 15 In their registry of patients, Williams et al 3 found that the incidence of severe sepsis was higher in haematological tumours than in solid tumours; however, they noted that both cancer types had a similar mortality. This finding of similar haematological/solid tumour mortality is echoed in our study as well. Moreover, they found that lung cancer was associated with the highest mortality. The highest mortality in our cancer cohort was associated with gastrointestinal (GI) infections, which could probably be explained by the tumour obstructing GI structures and acting as a nidus for infection and continuous bacterial seeding. Infections in these sites generally require complex surgical interventions, which may not be possible due to the nature, location and prognosis of the disease. 16 At the time of this study, there was no sepsis management protocol at our institution. Patients with cancer received on average 3.34±2.17 L of fluids at 6 hours, which is in line with the 30 cc/kg fluid resuscitation guidelines set by the Surviving Sepsis Campaign guidelines. 17 Broad-spectrum antibiotics were initiated in all cases of sepsis and septic shock with a combination of vancomycin and carbapenems being the most commonly used antibiotics. However, the time to antibiotic administration from presentation was longer than the 3 hours set guideline, with an average of 4.73 ±12.72 hours in the oncological cohort as opposed to 2.77 hours in the cancer-free cohort. The delay in antibiotics administration in the cancer cohort could have possibly contributed to our high mortality. 18 Metersky et al 19 found that the main reason for delay of antibiotics in their patient population was an incoherent presentation, such as normal vital signs and non-specific localising symptoms that delayed diagnosis. In our study, the delay could have been due to several reasons; on one hand, the presenting temperature in the cancer cohort was lower than the non-cancer cohort, while on the other hand, the presence of non-infectious acute inflammatory disorders can mimic sepsis in patients with malignancies and confound the clinical picture. For instance, patients with acute monocytic leukaemia often have pulmonary infiltrates. 20 Furthermore, induction treatments may precipitate tumour lysis syndrome, which may result in multiorgan dysfunction. All of these non-infectious processes might have influenced the clinicians and lead to the delay in diagnosis.
According to the literature, the length of stay of patients with severe sepsis cancer' was almost three times as long as that of the patients with septic cancer and the incurred hospitalisation costs was three times as much. 3 While we did not conduct a cost analysis, we had very similar lengths of stay between the two cohorts. It is important to note that there is a limited amount of ICU beds at our institution; and very often, patients requiring an ICU admission tend to remain in the ED for an extended period of time. This in part explains our long ED length of stay and our high GPU admission rate.
Finally, the majority of patients in both cohorts presented with two or more SIRS criteria, showing that in accordance with the literature, SIRS criteria have a high sensitivity. 21 However, there was no correlation between the number of SIRS criteria and mortality in either group. Of the patients with cancer who were admitted and were treated for sepsis during their hospital stay, 27 (15%) were found to have <2 SIRS criteria at presentation, with a total of 13 patients (48.1%) dying during their hospital stay. SIRS-negative sepsis has been described in the literature, with the latest studies showing that about 12% of patients with sepsis have <2 SIRS criteria at presentation. 4 14 Though it may not fulfil the definition of sepsis, emergency physicians should always be vigilant and have a low threshold to suspect sepsis in patients with cancer given that these patients can present with normal vital signs, deteriorate during their admission and end up with a diagnosis of sepsis.
Limitations
This was a retrospective chart review cohort study and as such authors are aware of the inherent limitations of such a type of study. To minimise biases from this, frequent meetings were held between the principal investigator and data collectors to standardise the way in which data are collected, entered and cleaned. The increased mortality seen in the oncological cohort could be due to several reasons. First and foremost, the study is from a referral tertiary centre ED that deals with regional complicated cases, which could limit the generalisability of the results to the whole oncological subpopulation. Second, the delay in antibiotic administration in the oncological cohort might have led to the increased mortality. In the analysis stage, the equally numbered groups were found to be unmatched and possibly difficult to compare and conclude meaningful evidence from. In an effort to correct for this, bivariate analysis was performed, and characteristics that were statistically different between the populations along with clinically meaningful elements were controlled for in the multivariate analysis in order to minimise confounding variables. One possible confounding factor not accounted for is oncological patients being diagnosed with terminal cancer, as these patients would have higher mortality rates than other patients with cancer thus limiting our conclusion. According to the literature, the most common definition for terminal illness is an expected 3-month cut-off for survival in addition to inutility of chemotherapy or current regiment in treating the disease. [22] [23] [24] However, in accordance with the local culture and setting of the study, patients are not labelled terminal and services such as hospice care are not available, and patients typically receive chemotherapy until the end of their disease. Resolving all the aforementioned issues poses a problem outside the scope of this article but the authors concede that the mortality might have been falsely elevated given the fact that some patients might have expired from their advanced cancer as well as sepsis.
CONCLUSION
This study is one of the first studies looking at sepsis and septic shock in the oncological versus the nononcological population. It shows that in the setting of sepsis or septic shock in the ED, patients with cancer (haematological or solid) have higher hospital mortality than their cancer-free counterparts while adjusting for all other variables. Patients with cancer with sepsis or septic shock, are usually younger and have less comorbidities at presentation, but tend to have a higher mortality despite aggressive care. We hope that this study sheds light on this topic and stimulates further research on sepsis in vulnerable patient population.
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